Abstract: Gemenc floodplain lies between river kilometres km 1503 and 1469 of the Danube River; it is a part of the Danube-Dráva National Park in Hungary. The floodplain is one of the largest in Europe with an 18,000 hectares (Natura 2000) area, and various characteristic side arms and backwaters which lie completely in the floodplain. The area needs hydrological revitalization because of the sinking of the river bed caused by the regulation of the main arm at the end of the 19 th century. For this revitalization an exhaustive knowledge of the hydrobiological relationships among the different water bodies is required. The aims of this study were to explore connections among the hydrological events, physico-chemical parameters of the water bodies and the diversity of the planktonic rotifer assemblages. From 2002 to 2004, 56 planktonic and 15 tychoplanktonic rotifer taxa were found in the area. The diversity of rotifer assemblages was generally higher in the parapotamal water bodies than in the main arm and in the plesio/paleo-potamal water bodies, which could be explained by the intermediate disturbance hypothesis. The diversity, dominance, and evenness of the assemblages were correlated with water flow and water temperature. The most important factors influencing the diversity patterns were the occurrence of flow (retention time) as a disturbance, connectivity with the main arm, and habitat diversity of the given water body. Most of these factors are determined by the water level fluctuation of the main arm.
Introduction
Compared to the extent of information about stagnant waters in the scientific literature, our knowledge about the ecology and hydrobiology of rivers and floodplains is scant, and the definitions of conservation and restoration possibilities are inadequate. Therefore research on rivers and still-existing floodplains remains a pressing need, especially under the current conditions of growing human interference, with mostly adverse effects (e.g., regulation, water use, pollution) (Tockner et al. 2000) .
With a length of 2,860 km and a catchment area of about 817,000 km 2 , the Danube is the second largest river in Europe. Because of the regulation of the Middle Danube in the 19 th century the length of the river bed decreased, its shape stabilized, causing most of the adjacent floodplains to be preserved from inundation outside the dams. Increased flow velocity in the shortened reach of the river caused significant erosion in the river bed, which led to the drying out of the floodplains and to the weakening of lateral interactions (Guti 2001) . As a result of these changes, before necessary conservation work can start, it is important both to understand how the affected floodplain ecosystems function and to increase our knowledge on the relationship between local hydrological and ecological parameters (Berczik & Buzetzky 2006) .
The Gemenc floodplain covers 18,000 hectares (180 km 2 ), making it the only notable floodplain of the Middle Danube nowadays. It is also one of the largest in Europe, with unique natural value (Zinke 1996) . As it lies completely within the dam system, the characteristic hydrological processes of the floodplain system go on unperturbed. In the area we can observe every characteristic "functional unit" (eu-, para-, plesio-and paleopotamal) of an ecological succession, providing a great opportunity to compare all of them (Roux et al. 1982; Guti 2001) .
Since 2001, the Gemenc Research Project of the Hungarian Danube Research Station has also included planktonic rotifer investigations (Schöll 2006; Dinka & Berczik 2005) . The members of the phylum Rotifera are aquatic, unsegmented, pseudocoelomate invertebrates with bilateral symmetry. The phylum contains about 2,000 species from all over the world. They are important in freshwater environments because of their fast reproductive rate. They can produce up to 30% of the total plankton biomass by exploiting vacant niches with extreme rapidity. Because of their opportunism and adaptability, rotifers are widely distributed in freshwater habitats (Nogrady 1993) . Hydrological and chemical fluctuations of lotic waters are well reflected in the quantitative and qualitative changes of the local planktonic rotifer assemblages.
Besides the faunal characterisation of the Gemenc floodplain, the aims of our study included the compar- ison of the zooplankton assemblages in the main arm and floodplain water bodies (spatial and temporal fluctuations, differences in diversity and abundance). In this paper the results of our studies on the diversity of rotifer assemblages living in the different water body types of the Gemenc floodplain for the period of 2002-2004 will be presented.
Study area
The Gemenc floodplain lies between river kilometres 1503 and 1469, on the right bank of the Danube River. It is 30 km long and 5-10 km wide (Tamás & Kalocsa 2003 (Tamás & Kalocsa 2003) . Our study area in Gemenc floodplain contains four river arms, in downstream succession: the plesiopotamal Grébeci-HoltDuna (GDU) (∼7 km), the parapotamal Rezéti-Holt-Duna (RDU) (∼15 km) and Vén-Duna (VDU) (∼5 km), and finally the paleopotamal Nyéki-Holt-Duna (NyHD) (∼5 km) (Fig. 1 ).
Methods

Sampling
Sampling was carried out between April 2002 and November 2004, at monthly intervals as far as possible. Twelve sampling sites were selected (Fig. 1, Table 1 ). Samples were collected from the surface by using a plankton net (mesh size: 40 µm) filtering 20 L of water. After collection live specimens were taken to the laboratory, but others were instantly preserved in a 4% formaldehyde solution. Live specimens were collected so as to make accurate identifications of illoricate species which were identified within 4-5 hours. For the identification of rotifers, keys of Bartoš (1959) and Koste (1978) , and the nomenclature of Segers (2007) were used. Specimens in the preserved samples were counted in a Sedgewick-Rafter chamber. Besides the collection of rotifers, water temperature, pH, conductivity, dissolved oxygen content and percent oxygen saturation were also recorded with a Multiline-P field device in the field.
Diversity assays of planktonic rotifer assemblages
The easiest and simplest way to typify diversity is using the number of species (Hudec 1999) . Some species of planktonic rotifers often occur under several morphologically-distinct sub-species. In each sample we identified the occurring subspecies according to their aspects, but only species numbers were used to characterize local diversity. To calculate the other statistical indices of diversity, data based on species numbers was used.
According to Southwood (1987) , diversity rests upon the simultaneous consideration of the number of species and their abundance in any given assemblage. To characterize abundance-dominance relationships using diversity statistics, we chose the Shannon-Weaver diversity index (H = − Pi · ln Pi, where Pi represents the relative abundance of each species) which is widely used in the field, making the comparisons with other works easier (Magurran 1988) . Dominance (D = ( Pi)/i) and evenness (E = H/Hmax) values of assemblages were also computed for explaining the Shannon-Weaver diversity data. The indices were based on over 695,860 identified specimens from 151 samples. Density in a particular sample varied between 0 and 45,575 ind. 10 L −1 . Spearman's rank correlation and Bonferroni correction were used in order to examine the relationship between the main physical and chemical parameters and biological variables. All statistical analyses were performed with the Statistica 7.0 software package (Statsoft 2005) .
Diversities among different years and water bodies were compared with Rarefaction Analysis (Gotelli & Colvell 2001) . The curves for investigating the relationship between species numbers and density were drawn using the PAST software-package (Hammer et al. 2001) . For each calculation all data of the respective water body was used, i.e., GDU 37 samples, 376,000 specimens, RDU 43 samples, 207,000 specimens, VDU 43 samples, 66,250 specimens, D1489 43 samples, 33,000 specimens.
Results
Planktonic rotifers found in the area
During the three years' survey 56 planktonic and 15 tychoplanktonic rotifer taxa were found in the area (Table 2).
Number of species and the Shannon-Weaver index
The number of species and the Shannon-Weaver diversity index gradually decreased between 2002 and 2004 in every water body (Table 3) .
During the whole investigation period, diversity was lower in the main arm than in the side arms. However, this difference was not statistically significant (Figs 2, 3) . Highest values of species numbers were measured in GDU, second highest in RDU, and VDU came third. The lowest diversity was observed in NYHD (investigated in 2003-2004) (Table 3 ). The highest species numbers were found in RDU and VDU (Fig. 2) . The Shannon-Weaver values were slightly higher in RDU than in GDU, while in VDU they were slightly lower. In the case of RDU the Shannon-Weaver values increased downstream. In the shorter VDU the same trend was observed, but it was not so pronounced (Fig. 3) .
The main arm
In the main arm of the Danube (D1489) the highest value for every diversity parameter was also observed in 2002 (Table 3) . These values in general were lower than in the side arms, but the differences are not significant. Species numbers and ShannonWeaver values show positive correlation with the pH values (species numbers versus pH: n = 13, R = 0.83, t(n− 2) = 4.98, P = 0.0024; Shannon-Weaver values versus pH: n = 13, R = 0.74, t(n − 2) = 3.67, P = 0.0216).
The Grébeci-Holt-Duna In the GDU side arm species numbers fluctuated between 4 and 11, and Shannon-Weaver values between 0.74 and 2.10. Lower values were observed in summer, when the number of individuals was highest, while species numbers were typically higher in spring and autumn. All diversity parameters decreased downstream. We also observed a consistent decrease in the annual mean value for species numbers and ShannonWeaver diversity between 2002 and 2004 ( Table 3) . The Shannon-Weaver and evenness values of the assemblages correlated negatively with the water temperature (n = 36, R = −0.64, t(n − 2) = −4.85, P = 0.00017 and n = 36, R = −0.60, t(n − 2) = −4.34, P = 0.0006); the correlation between the dominance of assemblages and temperature was positive (n = 36, R = 0.64, t(n − 2) = 4.83, P = 0.00017).
The Rezéti-Holt-Duna In the RDU side arm species numbers varied between 1 and 13, and values of Shannon-Weaver diversity between 0.00 and 2.12. The lower values occurred in late autumn when the water was cold, while the highest diversity was found in spring and early summer. The lowest value for each diversity parameter was observed at the RDU3. (Table 3) . There was positive correlation between the evenness of rotifer communities and water level (n = 36, R = 0.64, t(n − 2) = 4.01, P = 0.0018) which governs flow velocity.
The Vén-Duna
In the VDU side arm species numbers varied between 1 and 9, Shannon-Wiener diversity between 0 and 2.02. The low values occurred in late autumn, at lower water temperatures. The highest diversity was found in spring and early autumn. Differences amongst sampling sites were relatively low. In 2003, when extreme low waterlevels occurred, species numbers and Shannon-Weaver diversity were highest at the VDU3 sampling site located in the middle of the side-arm. In 2004 diversity was very low (Table 3 ). There was a negative correlation between the evenness of rotifer assemblages and water temperature (n = 41, R = −0.54, t(n − 2) = −3.73, P = 0.0036). The Nyéki-Holt-Duna In the NYHD side arm diversity indices were low (Table 3). Diversity was higher in 2004 than in 2003, but this difference could be caused by more frequent sampling during the much more humid year 2004. There was no significant correlation between diversity indices and abiotic parameters.
Comparison among water bodies based on diversity indices using multivariate analysis Water-bodies with sufficient amount of data were compared using multivariate analysis (Single linkage, Euclidian distances) based on taxon numbers, species numbers, and values of the Shannon-Weaver diversity index.
When the analysis was based on species numbers, the main arm (D1489) separated from the others (Fig. 4) . VDU sampling sites (VDU2, VDU3, and VDU4) formed a very distinct cluster, as did RDU2 and RDU3.1. A third cluster also could be identified, formed of RDU5, located at the upper reach of the RDU arm, and GDU1 which is closest to the mouth of GDU. The cluster analysis based on the Shannon-Weaver diversity index yielded results that differed slightly from the previous ones (Fig. 5) . Nevertheless, the values of the main arm were consistently different from those of the side arms.
Diversity assays by using Rarefaction Analysis
In the main arm, diversity was significantly higher in 2002 than in the following two years (2003) (2004) . The diversities of 2003 and 2004 were similar (Fig. 6) .
In the case of GDU, the assemblages differed among years. Diversity was highest in 2002 and 2003 when the water levels were generally low (Fig. 7) . Sam-K. Schöll pling frequency was different among the GDU sites, because during low water levels only GDU1 was accessible. This is also the reason for not investigating the differences among individual GDU sampling sites.
The diversity of rotifer assemblages in RDU was higher in 2004 than in the two previous years. There was no significant difference between the data of 2002 and 2003 (Fig. 8) . Diversity at the various RDU sampling sites was similar. In VDU we found no statistically significant differences among the diversity data of different sampling years and different sampling sites.
In general, our analysis showed that at the parapotamal RDU and VDU sites more diverse planktonic rotifer assemblages existed than in the main arm and at the plesiopotamal GDU. Diversity was not significantly different between RDU and VDU, nor was it between the main arm and GDU (Fig. 9 ).
Discussion
Our hypothesis was that the planktonic rotifer assemblages in the main arm should be less diverse than in the side arms. We also expected to find higher species numbers and greater diversity in the longer and slower-flowing side arms than in the shorter and faster-moving ones (Anderson & Bonecker 2004) .
Although we observed high variability in species numbers and the Shannon-Weaver diversity index, in general we found that both were lower in the main arm than in the side arms. The most diverse planktonic rotifer assemblages developed in the moderately disturbed (slow but constantly-flowing) parapotamaltype water bodies, the VDU and RDU, which could be explained by greater habitat diversity and an intermediate disturbance level. According to Fehér & Schmidt (2005) , phytoplankton density is lower in the main arm than in the side arms. This means that the food resources for the rotifers are poor. Disturbance (flow) is high in the main arm, therefore common, more flowtolerant, fugitive species are present and the diversity is generally low. In the periodically-flowing plesiopotamal type water bodies (GDU) with abundant resources, some species become dominant, and that is why diversity is also low. Annual diversity indices differed significantly; this could be caused by the different water regimes of different years (Illyová 2006; Kehayias et al. 2008 ).
There were differences among the diversity indices of different water bodies and of different years as well, but because of the high variability, these were not significant. For this reason we used Rarefaction Analysis to analyze our data (Gotelli & Colvell 2001) . The results show differing diversity patterns in different water body types.
In the main arm the most diverse rotifer assemblages were found in 2002, when the water level was highest during the investigated period. In 2003 and 2004 diversity was lower (Fig. 7) . The lower water level of 2003 and 2004 caused lower connectivity between the main arm and the floodplain. The proportion of inshore retention areas (that are essential for the reproduction of zooplankton) in the main arm was decreasing; therefore the habitat diversity also decreased.
In GDU the highest diversity was recorded in 2002, and the lowest in 2004. A significant difference was evident among all three of the observed years.
While the assemblages of 2004 in RDU were more diverse than in 2002 and 2003, there was no difference among the diversity values of VDU during the period of our observations. This variation among the parapotamal side arms could be explained by their differing lengths and/or habitat diversity.
Considering the whole three-year observation period, we found a greater diversity of the rotifer assemblages in the parapotamal RDU and VDU than in the main arm and GDU. There were no differences between the parapotamal side arms themselves or between the main arm and GDU (Fig. 10) . The diversity differences between the assemblages of the main arm and the ones in the side arms can be explained by the limiting effects of flow (constant, heavy disturbance) and the lower habitat diversity of the main arm (Ward et al. 1999 ). In the GDU -owing to its plesiopotamal character -at the time of low and average water levels as- semblages with low diversity but high abundance were present. These assemblages were dominated by only a few (2-3) taxa, as a consequence of the weak or absent flow (disturbance) (Schöll 2006) . We also observed a negative correlation between the Shannon-Weaver diversity index values of GDU and water temperature. Higher temperatures were detected generally at lower water levels, when the flow was absent or weak. The absence of flow, high water temperatures and the abundance of phytoplankton biomass (the food source for rotifers) resulted in assemblages with lower general diversity. These assemblages had limnetic characters and were dominated by a few common species (e.g., Keratella cochlearis, Keratella cochlearis tecta, Brachionus angularis).
At mean water level in the main arm the most diverse planktonic rotifer assemblages occurred in the moderately disturbed (slow, but constantly flowing) parapotamal-type water bodies (RDU, VDU). In the resource-poor, heavily disturbed main arm common, more flow-tolerant, fugitive species were present, diversity was generally lower than in the adjacent water bodies of the floodplain. In the plesiopotamal water bodies (GDU) with periodical flow and abundant food resources dominance became higher, evenness lower; diversity was generally lower there than in the parapotamal areas (Fig. 10) . When the water level rose, the rotifer assemblages in the side arms became more similar to those of the main arm, diversity decreased because of the "homogenizing effect" of flood (Thomaz et al. 2007) . Conversely, at low main arm water levels flow in parapotamal water bodies was weak, or the water was even stagnant. As a result, the role of the local driving forces became dominant and biotic interactions (competition, predation) became prominent, which led to a decrease in diversity.
Hence the diversity of planktonic rotifer assemblages is affected by the length and hydrological properties of the given water body, habitat diversity, and flow conditions which depend on the water regime of the main arm.
